Abstract: This paper presents a chaotic artificial bee colony (CABC) algorithm for optimal placement and sizing of DGs on distribution systems with an aim of reducing the power losses and improving voltage stability. The exploitation ability of solutions to the food searching process is improved in the CABC algorithm to avoid the premature convergence of an artificial bee colony algorithm. The proposed approach determines the control variable settings such as placement and size of DG for minimization of real power loss with impact of voltage stability in the distribution system. Further, the impacts of DG on the distribution system are studied with an importance on power losses and capacity savings. The proposed approach is examined and tested on 33 bus and 69 bus radial test systems. The simulation results of the proposed approach are compared to earlier reported approaches. The simulation results show the effectiveness of the proposed approach.
Introduction
The function of a distribution system is to deliver electrical power from the transmission network to end users. The distributed generation (DG) is a power source that can be playing an important role in the distribution system in case of power demand. The distribution systems are usually unbalanced and have a high R/X ratio compared to transmission systems, which results with the effect of high voltage drops and power losses in the distribution feeders. The vital tasks in the distribution system are reduction of power losses and improvement of the system voltage profile. Many research works have been carried out in this direction since the supporting of analytical and software approach.
The planning of DG handles with the optimal placement and size of DG in the distributed system in order to reduce the real power loss and improve the voltage profile and stability. The impact of real power DG injection into the distribution system for minimizing the power losses and voltage stability has been reported in [1] . The planning methodology used to evaluate any credits the utility might offer if the DG is in an appropriate location to have real benefits for capacity relief [2] . The support an analytical expression used to compute the optimal size and an efficient method to identify the related optimum location for DG placement for reducing the total power losses in primary distribution systems [3] . In [4] , the author presented analytical expressions have used to determine the optimum size and power factor of different types of DGs for minimizing power losses in primary distribution systems. The genetic algorithm (GA) based approach to minimize the power loss of the system for evaluated the optimal placement and size of a DG with different loading conditions is reported in [5] .
A two-stage methodology of determine the optimal placement and capacity of DGs for loss reduction of distribution systems. The first stage of methodology is used to finding placement and another one is the capacity of DG [6, 7] . The power stability index and line losses based for placement and sizing of DG in the distribution system is reported in [8] . The introduction of combined GA and particle swarm optimization (PSO) methods and which is used to calculate the placement and sizing of DG in the distribution system [9] . The loss sensitivity factor (LSF) and simulated annealing (SA) technique are combined and which is used to determine the location and size of DGs in the radial networks [10] .
The bacterial foraging optimization (BFO) algorithm based optimal placement and size of DG in the distribution system for considering the real power losses, operational costs and voltage stability [11] . In [12] , presents an analysis into the effect of load models on the predicted energy losses of the distribution system in DG planning. A new voltage stability index (VSI) is used to identify the most sensitive node in the radial distribution system with different types of load [13, 14] . The efficient forward and backward propagation based load flow solution technique has been implemented in the radial networks is reported [15] .
The artificial bee colony (ABC) algorithm is a population based meta-heuristic approach and which is inspired by intelligent foraging behaviour of honeybee swarm. It is imitates the behaviours of real bees in searching food sources and sharing the information with other bees [16, 17] . The performance of the ABC is compared with other population based algorithms with the benefit of employing fewer control parameters [18] . The modified versions of ABC algorithm have been introduced in [19, 20] and it is used to solving the real-parameter optimization problems.
Most of the earlier reported [9] [10] [11] , the searching ability of algorithms at starting stage as a global run and end stage as a local run. Therefore, when solving an optimization problem is importance to explore the local optima at an end stage of algorithm run. Moreover, the local searching ability of earlier reported algorithms is less.
In this paper, to encouraging the results in this direction for introducing a chaotic artificial bee colony algorithm is implemented to find the optimal placement and sizing of DGs in the distribution system so as to reduce the real power loss and improve the voltage stability. To improve local optima and avoid premature convergence of the solution, the ABC algorithm is combined with chaos. The local search capability of the optimization problem is improved using a chaos theory.
Problem formulation
The objective of the optimal placement and sizing of DGs is to minimize the real power loss in the radial distribution system which can be described as follows, (1) where, P loss = total system real power loss (MW) P ij, Q ij = real and reactive power flow in line i-j V i = voltage at i th bus r ij = line resistance of i-j NL = number of lines. While reducing the value of above function is subject to a number of constraints as follows.
A. Power Balance Constraints
The algebraic sum of the entire receiving power is equal to the sum of entire sending power plus line loss over the complete distribution network and power generated from DG unit.
where, P D -total system real power demand (MW) P DG -total real power generated by DG (MW) Q D -total system reactive power demand (MVAr) Q loss -total system reactive power loss (MVAr) Q DG -total reactive power generated by DG (MVAr) NDG -number of DG.
B. DG Real and Reactive Power Generation Limits
The real and reactive power generation of DG is controlled by its lower and higher limits as follows,
C. Voltage Profile Limits
The voltage at each node of the radial distribution network is defined as,
D. Line Thermal Limits
The power carrying capacity of feeders should not exceed the thermal limit of the lines (S).
Types of Distributed Generation
The DG units are classified into four types in order to deliver the real and reactive power capabilities of the distribution system [4] . In this approach, follow the report [10] for considering that the type 1 (unity p.f) and type 2 (0.866 p.f) DGs only.
A. Type 1 (P inject)
This type of DG (e.g., Photovoltaic, fuel cells and micro turbines) is having the capacity of delivering the real power only and operates at unity power factor.
where, P i is the net real power of node i P DGi is the real power injected at node i P Di is the real power demand of node i.
B. Type 2 (PQ inject)
In this type of DG (e.g., synchronous generator) is having the capacity of delivering both real and reactive power. The power factor of DG is fixed at 0.866 leading. By considering a = (sign) tan (cos -1 (PF)) as in [4] , the reactive power output of DG is expressed as,
In this type, a = (+1) tan (cos -1 (PF DG ))
where, Q i is the net reactive power of node i
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Q DGi is the reactive power based DG of node i Q Di is the reactive power demand of node i.
In which, sign = +1; DG supplying reactive power. sign = -1; DG absorbing reactive power. PF DG = Power Factor of DG.
Effect of DG on Voltage Stability
The impact of DG in the distribution system is to increasing the real power loading capacity of the system which related to the voltage stability. The voltage stability index (VSI) gives the information for voltage stability of the radial distribution systems. The variation of this factor which indicating system voltage stability in presence and absence of DGs. The VSI is defined as [13] ,
where, NB = total number of nodes jj = branch number VSI(m2) = voltage stability index of node m2 (m2 = 2,3,….,NB) r(jj) = resistance of branch jj x(jj) = reactance of branch jj V(m1) = voltage of node m1 V(m2) = voltage of node m2 P(m2) = real power load fed through node m2 Q(m2) = reactive power load fed through node m2.
The evaluated value of VSI is greater than zero, which indicating system operates in stable condition, otherwise system goes to instability.
An overview of artificial bee colony algorithm
The ABC algorithm is an optimization algorithm that simulates the behaviour of honey bees. In the ABC algorithm, the colony of artificial bees can be classified in to three sets, such as employed, onlookers and scouts. The bees are searching with specific food sources are named as employed bees. The onlooker bees are waiting on the dance area for making the decision to choose a food source. The bees are search for food sources randomly called scouts. The main steps of the ABC algorithm are explained as follows,
Step 1
: Initialize the random population of food source, limit and maximum cycle number.
Step 2 : Implement the employed bee procedure to adjust the food source of function and calculate the corresponding fitness function.
Step 3
: Adjust the food source based on onlooker bee procedure and calculate the corresponding fitness function.
Step 4
: The specific food source solution is abandoned, which is replaced by sending the scout bee procedure.
Step 5
: Update the cycle.
The number of cycle reaches at maximum cycle number (MCN) of the algorithm, print the finest results of the optimization problem.
A. Chaotic local search
The chaos theory is used to develop the searching behaviour and to avoid the premature convergence of solutions in the optimization problem. The chaotic local search considers as a two well known maps such as logistic map and tent map. The chaotic local search can be described as the following logistic equation as,
where, cx i is the i th chaotic variable, and k is the maximum number of iterations or 300. The chaotic local search has the following procedure. Revise the recent solution of the problem if it has improved fitness when compared to previous one.
The decision variables

B. Chaotic Artificial Bee Colony algorithm
The ABC algorithm is used to update the food source of the bees and which is combined with chaos theory is called CABC. In order to combinations of this algorithm has improved the exploitation process of the searching food source in the optimization problem. The CABC algorithm is used as the less number of control parameters. The CABC algorithm has the following steps:
Step 1: Initialize the random population, limit, k and MCN.
Step 2: Generate the initial population mi x using the equation as,
Step 3: Set the cycle = 1.
Step 4: Send the employed bee procedure to adjust the food source m v  using the equation as, (16) where, k x is a randomly selected food source, i is a randomly chosen parameter index.
Calculate the fitness value of food source. If the new food source vector has better fitness value than older one, it replaces the old.
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Step 5: Send the onlooker bee procedure to adjust the food source m v  using the probability of equation (17) where, SN denotes the size of onlooker bees. Calculate the fitness value of corresponding food source. If the new food source vector has better fitness value than older one, it replaces the old.
Step 6: Send the chaos theory procedure to adjust the food source i x  using the equation (12), (13) and (14) . Evaluate the fitness value of related food source. Apply the greedy selection with the purpose of find the best food source vector of the problem.
Step 7: If there is any specific food source solutions are abandoned, and it will be replaced by a new randomly produced solution m v for the scout bee using the equation (15).
Step 8: Memorize the finest food source position achieved so far.
Step 9: Cycle = Cycle + 1.
Step 10: If the number of cycle attains at MCN, Print the finest result of the problem.
C. Implementation of CABC algorithm to optimize the objective function
The proposed CABC algorithm is developed and executed using the MATLAB software. The first important aspect of this algorithm is to assign the colony size (CS) = 50, limit (L) = (CS*D)/2, k = 300 and MCN = 200 of the problem. The CABC algorithm starts by creating the initial random population of the possible food source solutions. In this approach, the placement and sizing of DGs in the distribution system are considered as variable parameters in order to optimize the problem. The placement of DG is represented as the integer variable of the problem. In this connection with CABC algorithm can be reformulated by rounding off the food source position to the nearest integer.
Set the number of cycles and then send the employed bee procedure in order to produce the new solution. Further, to apply the greedy selection between current solution and it's disturbing. Calculate the probability of the solution and send the onlooker bee procedure to adjust the solution. Send the chaos theory procedure is to improve the exploitation process of searching the new food source solution. To apply the greedy selection process for both ends of onlookers and chaos theory procedures of the problem. The specific food source solutions are abandoned by applying the scout bee procedure to produce the new food source solutions. The generating random populations are within limits and satisfied the above mentioned constraints. If the number of cycles reaches at maximum, the algorithm which it will be stop and gives the optimal (or near optimal) value of placement and sizing of DGs in the test systems.
Simulation results
To validate the effectiveness and robustness of the proposed CABC algorithm based optimal placement and sizing of DG approach has been tested on using 33-bus and 69-bus radial distribution systems. The base values used are 100 MVA and 12.66 KV for both the test systems. The load and line data of the 33-bus system is taken from the reference [22] and 69-bus system is given in appendix. The main objective of this approach is to reducing the real power loss and improving voltage stability of the test systems with satisfied constraints. Three DG units are optimally placed and sized of the test systems. To express the superiority of this proposed CABC approach has a simulation results have been compared with various algorithm results in the report, such as genetic algorithm (GA), particle swarm optimization (PSO), GA/PSO in [9] , simulated annealing (SA) in [10] and bacterial foraging optimization (BFO) in [11] .
A. 33-bus radial system
The table 1 shows the results of real power loss, voltage stability index, optimal placement and sizing of the DGs of the system are obtained by different methods. These results confirm that the CABC approach to obtain the minimum real power loss is 0.07279 MW (type 1) and 0.01535 MW (type 2) when compared to other methods. Resultant that the real power loss is reduced to 65.50 % (type 1) and 92.72 % (type 2) compared to base case condition. For the reduction of real power loss has greatly improved the voltage profile and performance of the system. The graphical representation of the VSI of each node (except substation) of the system is shown in figure 1 . The minimum value of VSI is 0.8805 (type 1) and 0.9688 (type 2) of this approach greatly improved when compared to the absence of DG in the system. 
B. 69-bus radial system
The table 2 shows the results of real power loss, voltage stability index, optimal placement and sizing of the DGs of the system are evaluated by different methods. In this system, the real power loss has come down to 0.07159 MW (type 1) and 0.00874 MW (type 2) or 68.18 % (type 1) and 96.12 % (type 2) when compared to other methods. The minimum VSI of this system is 0.9234 (type 1) and 0.9772 (type 2) and it is value of each node as shown in figure 2. The tables 1 & 2 show the minimum real power loss of the test systems determined by the different methods. It is clear that the proposed CABC approach has better performance when compared to existing techniques. As a result of this confirms that the CABC is well capable of exploitation process of the solution. The figures 1 & 2 show the voltage stability index of each node of the test systems which represent the real power DG type is better performance when compared to the base case and real (P) and reactive (Q) power inject type DG much better performance when compared to the above type. The figure 3 (a & b) gives the convergence characteristics of the CABC algorithm in terms of real power loss and in which to get the best optimal solution for minimum number of cycles. The convergence curves are presented that the real power DG type. Moreover, the combination of real and reactive power inject DG type is also approximately similar to the convergence characteristics of real power DG with reasonable computational time.
Conclusion
The CABC algorithm has been developed for the determination of optimal placement and sizing of DGs in the test systems. It has been successfully implemented to the 33-bus and 69-bus systems for the minimization of real power loss and to improved system voltage stability. Two different types of DG units are separately placed and sized in the test systems for minimization of real power loss. The graphical representation of VSI results shows that the system voltage stability is potentially improved when the presence of DG. The comparison of simulation results with earlier reported methods in the literature demonstrates the superiority of the proposed algorithm to solve the real power loss minimization of the test systems. The proposed algorithm can be implemented for the solution of the large scale system. Line and load data for 69-radial distribution system 
